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OPTICAL TEST SYSTEM AND METHOD
FOR DETERMINING SIZE OF GAP
BETWEEN TWO SUBSTRATES OF OPTICAL
ELEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a Continuation of application

Ser. No. 16/021,426 filed on Jun. 28, 2018, now U.S. Pat.
No. 10,508,971, which claims priority of U.S. Provisional
Patent Application No. 62/555,144, filed on Sep. 7, 2017, the

entirety of which 1s incorporated by reference herein.

BACKGROUND

Three dimensional (3D) optical imaging systems are
capable of providing distance measurements and a depth
image ol the objects within the capture area. Such systems
are currently used in gaming and multimedia applications,
for example, to provide human i1dentification and gesture
recognition, as well as 1n a wide vanety of other applica-
tions, such as the ispection of semiconductors and other
goods, computer-aided design (CAD) verification, robot
vision, and geographic surveys. Generally, 3D optical imag-
ing systems include an optical pattern projection system
including a light source for illuminating objects. The 3D
optical imaging system further includes a light receptor such

as a 3D camera for receiving light reflected from an object
and forming a 3D 1mage of the object from the reflected
light.
In some applications, a diffractive optical element 1s used
in the optical pattern projection system for creating the
desired projection pattern. The structure of the diffractive
optical element 1s related to the optical characteristics of the
diffractive optical element and the optical pattern projection
system. Although existing test systems and methods for the
inspection of the diflractive optical element have generally
been adequate for their intended purposes, they have not
been entirely satisfactory in all respects.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, and the advantages of the present disclosure, reference
1s now made to the following descriptions taken in conjunc-
tion with the accompanying drawings, in which:

FI1G. 1 1s a schematic view of an optical pattern projection
system, 1n accordance with some embodiments.

FIG. 2 1s a cross-sectional view of the diffractive optical
element 1n FIG. 1, 1n accordance with some embodiments.

FIG. 3 1s a schematic view of an optical test system for
determining the size of a gap between two substrates of an
optical element, 1n accordance with some embodiments.

FIG. 4 1s a simplified flowchart of an optical test method
for determining the size of a gap between two substrates of
an optical element, 1n accordance with some embodiments.

FIG. 5 1s a schematic view illustrating that the holder
(with one optical element model) 1s moved to multiple
positions during the test, 1n accordance with some embodi-
ments.

FIG. 6 1s a diagram plotting multiple sets of sample
(second) mtensity signals that are corresponding to a number
of optical element models (with different bonding gap sizes)
in multiple positions, 1n accordance with some embodi-
ments.
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FIG. 7 1s a schematic view 1illustrating that the holder
(with a tested optical element) 1s moved to multiple posi-

tions during the test, in accordance with some embodiments.
FIG. 8 1s a schematic view showing that the size of a gap
between two substrates of the tested optical element 1s
determined according to the measured first intensity signals
corresponding to the tested optical element and the reference
data including multiple sets of sample (second) intensity
signals that are corresponding to a number of optical ele-
ment models, 1n accordance with some embodiments.

DETAILED DESCRIPTION

The {following disclosure provides many different
embodiments, or examples, for implementing diflerent fea-
tures of the invention. Specific examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments 1n which the first and
second features are formed 1n direct contact, and may also
include embodiments 1n which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact. In
addition, the present disclosure may repeat reference numer-
als and/or letters 1n the various examples. This repetition 1s
for the purpose of simplicity and clanty and does not 1n 1tself
dictate a relationship between the various embodiments
and/or configurations discussed. Various features may be
arbitrarily drawn 1n different scales for the sake of stmplicity
and clarity.

Furthermore, spatially relative terms, such as “underly-
ing,” “below,” “lower,” “overlying,” “upper” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as 1llustrated 1n the figures. The spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. The apparatus may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly.

As described above, 3D optical imaging systems utilize
an optical pattern projection system to create a projection
pattern to illuminate an object or objects as desired. FIG. 1
1s a schematic view of an optical pattern projection system
1 in accordance with some embodiments. As shown, the
optical pattern projection system 1 includes a light source 2,
a collimator lens 3, and a diflractive optical element 4.

The diffractive optical element 4 1s disposed on one side
of an object O (e.g., a screen). The light source 2 1s a laser
source for emitting a laser beam L1, such as a visible,
infrared (IR), or other radiation which can be selected
depending on different applications. The laser beam L1 1s
modulated by the collimator lens 3 and a parallel collimated
beam L2 1s output from the collimator lens 3. The diffractive
optical element 4 includes specified diflractive grating struc-
tures (see FI1G. 2) formed therein. When the collimated beam
[.2 passes through the diffractive optical element 4, the
collimated beam L2 is diflracted by the diflractive grating
structures.

Consequently, a number of diffracted light beams .3 with
the desired optical pattern (e.g., a dot-array pattern, a striped
pattern, etc.) are projected onto the object O positioned at a
specified distance from the diffractive optical element 4. The
optical pattern of the diffracted light beams L3 may be
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changed by providing or forming different diffractive grating
structures 1n the diffractive optical element 4. In some other
embodiments, the collimator lens 3 may also be omutted.
FIG. 2 shows a cross-sectional view of the diflractive
optical element 4 1n FIG. 1 in accordance with some
embodiments. As shown, the diffractive optical element 4
includes a first substrate SA and a second substrate 5B
parallel to and stacked on each other. In some embodiments,
the first substrate SA and the second substrate 3B are located

on both sides of an adhesive layer 8. Each of the first and
second substrates SA and 5B may include a glass, polymer
or another optional material that allows light (e.g., a visible,
inirared, or other radiation) with a particular wavelength or
in a wavelength range (used in the optical pattern projection
system 1) to pass through.

In some embodiments, a first diflractive grating structure
6 A and a second diffractive grating structure 6B are formed
on the opposing surfaces S1 and S2 of the first and second
substrates SA and 5B, respectively. Each of the first and
second diffractive grating structures 6A and 6B 1s designed
according to the optical diffraction theory (i.e., a phase-type
optical diffraction structure). The first and second diffractive
grating structures 6 A and 6B may be formed by a semicon-
ductor processing technology (e.g., including photolithog-
raphy, etching processes, etc.) or another optional technol-
0gy.

In some other embodiments, the first and second diflrac-
tive grating structures 6A and 6B may be formed on the
surfaces of two additional epoxy material layers (not
shown), and the two epoxy material layers are disposed on
or adhered to the first and second substrates SA and 5B,
respectively. The epoxy material layers allow light (e.g., a
visible, infrared, or other radiation) with a particular wave-
length or in a wavelength range to pass through.

In some embodiments, the configuration and arrangement
of the first diffractive grating structure 6 A may be the same
as or different from the structure configuration and arrange-
ment of the second diffractive grating structure 6B, depend-
ing on the desired optical pattern of the diffracted light
beams L3 to be produced for various applications. The
configuration (e.g., semicircle) of each structure unit in the
first and second diffractive grating structures 6A and 6B and
the arrangement (e.g., pitch) of the structure units are not
limited to the embodiments shown i FIG. 2, and many
variations and modifications can be made to embodiments of
the disclosure. In some other embodiments, only one dif-
fractive grating structure 1s formed on one of the opposing
surtaces of the first and second substrates SA and 3B.

In some embodiments, the outer surfaces of the first and
second substrates SA and 5B are respectively coated with an
anti-reflection coating 7 to reduce the light retlection occur-
ring thereon (1.e., to increase the light transmittance of the
diffractive optical element 4). Although not shown, at least
one non-transparent coating is further provided to cover a
portion (e.g., the annular peripheral portion) of at least one
ol the opposing surfaces of the first and second substrates SA
and SB to serve as an optical stop, thereby defining an
optical aperture (i.e., a transparent window) of the diffractive
optical element 4 that allows light to pass through.

In some embodiments, the adhesive layer 8 (e.g., an
adhesive gel) 1s disposed between the annular peripheral
portion of the opposing surfaces S1 and S2 of the first and
second substrates 5A and 5B to bond the first and second
substrates SA and 5B together. As such, a (vertical) gap G (or

bonding gap ) 1s formed between the opposing surfaces S1
and S2 of the first and second substrates SA and 5B. The size
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of the gap G may vary with the thickness T of the adhesive
layer 8 due to various applications and/or manufacturing
tolerances.

Note that the size of the gap G may be accurately
determined and the power of the light source 2 may be
adjusted accordingly before using the optical pattern pro-
jection system 1 (FIG. 1), so that the generated diffracted
light beams L3 can be projected onto the object O with the
desired optical pattern of high quality (e.g., good resolution)
and well-controlled intensity (this 1s also about safety con-
siderations during use, such as, in the facial recognition
application). For example, usually, the power of the light
source 2 may be lowered 1n the case of a smaller size of the
gap (G 1n the diffractive optical element 4, or the power of the
light source 2 may be increased 1n the case of a greater size
of the gap G 1n the diffractive optical element 4, 1n order to
maintain the intensity of the diffracted light beams .3 within
an appropriate range. Consequently, 1t 1s needed to accu-
rately obtain or determine the size of the gap G between the
two substrates of the diffractive optical element 4 before use.

FIG. 3 15 a schematic view of an optical test system 30 for
determining the size of a gap between two substrates of an
optical element, in accordance with some embodiments. The
optical test system 30 1s configured to determine the size of
a gap between two substrates of a difiractive optical element
or other types of optical element (e.g., a refractive optical
clement) based on the operations of an optical test method
40 (FIG. 4) described below, 1in accordance with some
embodiments. The following disclosure merely 1llustrates an
example where the optical test system 30 (utilizing the

optical test method 40) 1s used to determine the size of a gap
G between two substrates (such as the first and second
substrates 5A and 3B shown i FIG. 2) of a diffractive
optical element (such as the diflractive optical element 4
shown 1n FIG. 2), for the purpose of simplicity and clarity.

As shown 1n FIG. 3, the optical test system 30 includes a
light source 31, a holding stage 32, a sensor 33, a driving
mechanism 34, and a controller 35. Additional features can
be added into the optical test system 30, and some of the
features described below can be replaced or eliminated 1n
other embodiments of the optical test system 30.

The light source 31 1s configured to emit light that will
pass through an optical element during the test. In some
embodiments, the light source 31 1s a laser source configured
to emit a laser beam L1 (e.g., a visible, IR, or other
radiation). In some embodiments, the light source 31 1s used
to emit the laser beam L1 1 a wavelength or wavelength
range similar to (or the same as) that of the laser beam L1
(emitted by the light source 2) being used in the optical
pattern projection system 1 for various applications. In some
other embodiments, the light source 31 may be another type
of light source (e.g., a light-emitting diode (LED)).

The operations (e.g., activation, stop, and power control
etc.) of the light source 31 may be controlled by the
controller 35 (e.g., a computer). In some embodiments, the
controller 35 can be a computer device including a process-
ing unit and a memory device 351. The processing unit can
be implemented in numerous ways, such as with dedicated
hardware, or with general-purpose hardware (e.g., a single
processor, multiple processors or graphics processing units
capable of parallel computations, etc.) that 1s programmed
using microcode or software instructions to perform the
functions recited herein.

The laser beam L1 from the light source 31 1s modulated
by a collimator lens 36 (FIG. 3) and a parallel collimated
beam L2 i1s output from the collimator lens 36 to pass
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through an optical element being tested. In some other
embodiments, the collimator lens 36 may also be omatted.

The holding stage 32 1s disposed between the collimator
lens 36 (or the light source 31) and the sensor 33, configured
to hold an optical element being tested. In some embodi-
ments, the holding stage 32 1s configured to hold a water W
(FIG. 3) including a number of optical elements (1.e., the
optical elements are 1 waler form prior to being cut into
several individual dies). In some embodiments, each optical
clement 1n the water W may be a diffractive optical element,
such as the diffractive optical element 4 shown 1 FIG. 2.
When the collimated beam L2 or the laser beam L1 passes
through one of diflractive optical elements 4 1n a specified
location of the water W mounted on the holding stage 32, 1t
1s difiracted by the diffractive grating structures (such as the
first and second diflractive grating structures 6A and 6B
shown 1n FIG. 2) in the diffractive optical element 4 1nto a
number of diffracted light beams L3.

In some embodiments, the holding stage 32 includes a
base 321 and a holder 322, as shown 1n FIG. 3. The base 321
1s stationary part in the optical test system 30. The holder
322 1s a movable part movably disposed on the base 321 and
configured to hold, for example, the water W (or the
diffractive optical element 4) in some embodiments. During
the test, the driving mechanism 34 1s configured to drive the
holder 322 with the water W (or the diffractive optical
clements 4) to move relative to the base 321, for example,
in a first direction D1 (FIG. 3) substantially parallel to the
direction of light propagation (i.e., perpendicular to the light
receiving surface (such as the lower surface shown in FIG.
3) of the sensor 33) in the optical test system 30.

In some embodiments, the driving mechanism 34 includes
a number of screws 341, a number of nuts 342, and a number
of (rotary) driving motors 343, as shown 1n FIG. 3. One nut
342 and one screw 341 may be correspondingly coupled
together and form a lead screw that can convert a rotational
movement of the screw 341 into a linear movement (along,
the first direction D1) of the nut 342. The driving motor 343
1s configured to drive the screw 341 to rotate. In some
embodiments, the (four) corners of the (square) base 321 of
the holding stage 32 are respectively provided with a screw
341, a nut 342, and a dniving motor 343. With these
configurations, the driving mechanism 34 drives the holder
322 with the water W (or the diffractive optical element 4)
to move relative to the base 321 1n the first direction D1
during the test. In some other embodiments, the driving
mechanism 34 may include single driving motor 343 to
drive one screw 341 to rotate, so that the corresponding nut
342 and the holder 322 move along the screw 341.

The sensor 33 1s configured to receive the light passing
through the optical element during the test and generate an
intensity (electric) signal 1n response to the intensity of the
received light. In some embodiments, the sensor 33 1s
configured to selectively receive one of the diffracted light
beams L3 (which will be turther illustrated later) from the
diffractive optical element 4, and capable of generating an
intensity signal in response to the intensity of the received
diffracted light beam L3. In some embodiments, the sensor
33 1s a charge coupled device (CCD), a complementary
metal-oxide semiconductor (CMOS) sensor or the like. The
intensity signal generated by the sensor 33 1s sent to the
controller 35 for further processing (which will be 1llustrated
later).

In some embodiments, the optical test system 30 further
includes a distance meter 37 (e.g., a laser interferometer)
configured to measure or determine the displacement or
position of the holder 322 1n the optical test system 30, as
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shown 1n FIG. 3. The distance meter 37 1s also capable of
generating a position signal in response to the position of the
holder 322 and sending the position signal to the controller
35. The controller 35 controls the aforementioned operations
of the driving mechanism 34 according to the position signal
from the distance meter 37, and a computer program, related
to the control of the displacement (which will be further
illustrated later) of the holder 322 (i1.e., the control of the
operation of the driving mechanism 34) during the test,
stored 1n a memory device 351 (e.g., a random access
memory (RAM), a read-only memory (ROM) or the like) of
the controller 35.

Next, referring to FIG. 4, which 1s a simplified flowchart
ol an optical test method 40 (implemented by the optical test
system 30 shown 1n FIG. 3) for determining the size of a gap
between two substrates of an optical element (for example
and without limitation, a diffractive optical element 4 as
shown 1 FIG. 2) before use, in accordance with some
embodiments. For 1illustration, the flow chart will be
described along with the drawings shown 1n FIGS. 2-3 and
5-8. Some of the described operations can be replaced or
climinated 1n different embodiments. Alternatively, some
operations may be added in different embodiments. The
optical test method 40 includes a number of operations, such
as operations 41, 42, 43, 44, and 45.

In operation 41, before determining the size of the gap G
(FIG. 2) 1n a diffractive optical element 4 (for 1llustration,
hereinafter also referred to as a “tested optical element 47),
a number of optical element models M are placed on the
movable holder 322 (FIG. 5) 1n the optical test system 30 to
be tested as described below.

In some embodiments, each of the optical element models
M 1s also a diffractive optical element (the same as the tested
optical element 4) having a gap between two substrates
thereof, and the sizes of the gaps of the optical element
models M are different (1.e., the optical element models M
have diflerent bonding gap sizes). In some embodiments, the
optical element models M have the same optical structure
configuration as the tested optical element 4. For example,
the optical element models M and the tested optical element
4 have the same configuration and arrangement of the first
and second diffractive grating structures, as well as the same
thickness of the first and second substrates and other mate-
rial layers (except the adhesive layer) 1n a diffractive optical
clement as described above (FIG. 2). In some embodiments,
the optical element models M are formed by the same
tabrication processes as the tested optical element 4.

Next, in operation 42, the optical test system 30 1is
operated to collect multiple sets of intensity signals (for
illustration, heremaiter also referred to as multiple sets of
“sample 1ntensity signals™) that are corresponding to the
optical element models M (with the different bonding gap
s1zes) as reference data for the tested optical element 4.

In some embodiments, the multiple sets of sample inten-
sity signals corresponding to the optical element models M
are measured and collected (which will be 1illustrated later)
by the optical test system 30 while the optical element
models M are in waler form during the test. In some
embodiments, the optical element models M (with the
different bonding gap sizes) are in the same water W' or
different waters W' and being disposed on the holder 322
during the test (FIG. 5).

In some embodiments, 1n order to generate one set of
sample intensity signals that 1s corresponding to one of the
optical element models M (with a specified bonding gap
s1ze), the driving mechanism 34 (FIG. 3) drives the holder
322 with the water W' (or the optical element model M) to
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move (relative to the base 321 shown in FIG. 3) 1n the first
direction D1 to multiple positions during the test. At the
same time, the light source 31 emits light to pass though the
optical element model M to generate a number of diffracted

light beams .3, and the sensor 33 selectively receives one of 5

the diffracted light beams L3 (e.g., the circled diffracted light
beam L3 shown in FIG. §)). The operation of the driving
mechanism 34 may be controlled by the controller 35 (FIG.
3) 1n some embodiments.

FIG. 5 1s a schematic view 1llustrating that the holder 322
(with the optical element model M) 1s moved to multiple
positions (e.g., four positions P1, P2, P3, and P4; where the
distances of the holder 322 (or the optical element model M)
to the sensor 33 are indicated by X1, X2, X3, and X4,
respectively) during the test, in accordance with some
embodiments. In some embodiments, the positions P1, P2,
P3, and P4 of the holder 322 are apart from the original
position PO of the holder 322 (e.g., where the holder 322 1s
closest to the base 321) by 350 um, 100 um, 150 um, and 200
wm, respectively. That 1s, the distances between two adjacent
positions 1n the four positions P1, P2, P3, and P4 may be the
same. In some alternative embodiments, the holder 322 with
the water W' (or the optical element model M) may also be
driven by the driving mechanism 34 to move 1n the first
direction D1 to N positions during the test, wherein N 1s a
natural number greater than or equal to 2 and the distances
between two adjacent positions in the N positions are the
same or different, in some other embodiments. It should be
realized that the mimmmum distance between two adjacent
positions of the holder 322 depends on the movement limit
of the holder 322, and the maximum distance between two
adjacent positions of the holder 322 i1s chosen so that the
sensor 33 can successiully receive intensity signals from the
optical element model M at all moving positions (i.e. the
movement of the optical element model M does not exceed
the focus range of the sensor 33).

Therefore, the distance between the optical element

model M and the sensor 33 may vary along with the different
positions of the holder 322, and also the intensity of the
diffracted light beam L3 (received by the sensor 33) from the
optlcal clement model M may vary accordingly.
t should also be understood that the intensity of the
dlf racted light beam from a diffractive optical element (e.g.,
the optical element model M) 1s given by the sinc function
of the distance of the positive or negative diffracted light
beam to the O-order diffracted light beam on the object (or
the sensor 33) and the distance of the diffractive optical
clement to the object/the sensor 33 (1.e., the Huygens-
Fresnel principle). As such, the intensity of the positive or
negative diffracted light beam (e.g., +1-order, —1-order, or a
higher order positive or negative diffracted light beam) from
the optical element model M received by the sensor 33 may
vary along with the different positions of the optical element
model M (i.e., diflerent distances of the optical element
model M to the sensor 33). Conversely, the mtensity of the
0-order diflracted light beam from the optical element model
M received by the sensor 33 does not vary along with
different positions of the optical element model M.

Accordingly, by receiving one of the positive and negative
diffracted light beams, such as +1-order or —1-order dii-
fracted light beam (e.g., the circled diffracted light beam L3
shown 1n FIG. 5) from the optical element model M in N
positions, the sensor 433 generates N sample (second)
intensity signals (1.e., one set of sample intensity signals)
that are corresponding to the optical element model M 1n the
N positions. In this case, N 1s greater than or equal to 3 to
better and accurately express the optical element model M
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with a specified bonding gap size between two substrates
thereof by the N sample (second) intensity signals.

In operation 42, multiple sets of sample (second) intensity
signals (1.e., the reference data) corresponding to a number
of optical element models M (with different bonding gap
s1zes) may also be generated by the sensor 33 and then sent
to the controller 35, and the memory device 351 of the
controller 35 stores the reference data, in some embodi-
ments. Additionally, after collecting the multiple sets of
sample intensity signals corresponding to the optical ele-
ment models M, the watfer(s) W' (or the optical element
models M) may be removed from the holder 322 to a
microscope to measure the size of a gap between two
substrates of each of the optical element models M. In some
embodiments, the sizes of the gaps of the optical element
models M may be determined by observing the cross-
sections of the sliced optical element models M.

FIG. 6 1s a diagram plotting multiple sets (e.g., four sets)
of sample ntensity signals (respectively including four
sample (second) intensity signals) that are corresponding to
a number of optical element models M (with the different
bonding gap sizes) in multiple positions (e.g., four positions
corresponding to the positions P1, P2, P3, and P4 as 1llus-
trated 1n the embodiments of FIG. 8), in accordance with
some embodiments. As shown 1n FIG. 6, the intensity of
multiple sets of sample (second) intensity signals corre-
sponding to the optlcal clement models M with different
bonding gap sizes 1s different.

In some embodiments, the sample (second) intensity
signals corresponding to one of the optical element models
M 1n N different positions may further form a characteristic
curve corresponding to the optical element model M 1f the
number (N) of sample intensity signals 1s large enough, as
shown 1n FIG. 6. In some embodiments, the sample (second)
intensity signals corresponding to the optical element mod-
¢ls M 1n the oniginal position PO (FIG. 5) may also be used
as the reference data. In some embodiments, the total
displacement amount of the holder 322 (with the optical
clement models M) relative to the base 321 may also be
adjusted or changed.

In operation 43, after the reference data (such as the
diagram shown 1n FIG. 6) for the tested optical element 4 1s
collected and the optical element models M are removed
from the holder 322, the tested optical element 4 1s placed
on the holder 322 to be tested as described below.

Next, in operation 44, the optical test system 30 1is
operated to measure N (first) intensity signals corresponding
to the tested optical element 4 1n the N positions that are the
same as the N positions where the sample (second) intensity
signals corresponding to the optical element models M are
measured and collected. In some alternative embodiments,
the optical test system 30 1s operated to measure N' (first)
intensity signals corresponding to the tested optical element
4 1n N' positions, while N' 1s a natural number greater than
2 and less than N, and the N' positions correspond to some
of the N positions.

In some embodiments, similar to the operation 42 for
measuring the multiple sets of sample intensity signals
corresponding to the optical element models M, the driving
mechanism 34 (FI1G. 3) drives the holder 322 with the tested
optical element 4 to move (relative to the base 321 shown 1n
FIG. 3) in the first direction D1 to N positions (e.g., four
positions P1, P2, P3, and P4) during the test of the tested
optical element 4, as shown 1n FIG. 7. At the same time, the
light source 31 emits light to pass though the tested optical
clement 4 to generate a number of diflracted light beams 1.3,
and the sensor 33 selectively receives one of the diffracted
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light beams L3 (e.g., the circled difiracted light beam L3
shown 1n FIG. 7)) from the tested optical element 4. In some
embodiments, the received diffracted light beam L3 1s a
positive or negative difiracted light beam (e.g., +1-order or
—1-order diflracted light beam), the same as the received
diffracted light beam L3 for generating the sample (second)
intensity signals in the operation 42. In addition, the four
positions P1, P2, P3, and P4 may be the same as those for
measuring and collecting the sample (second) intensity
signals 1n the operation 42.

Accordingly, the sensor 33 generates N (first) intensity
signals (e.g., four first intensity signals as the cross marks
indicate in FIG. 8) corresponding to the tested optical
clement 4 1n the N positions.

In operation 45, the size of a gap between two substrates
ol the tested optical element 4 1s determined according to the
measured N (first) intensity signals and the previously
collected reference data (including multiple sets of sample
(second) intensity signals corresponding to a number of
optical element models M) stored in the memory device 351
of the controller 35.

In some embodiments, 1n order to determine the size of
the gap between two substrates of the tested optical element
4, the controller 35 1s used to calculate the intensity difler-
ence (absolute value) between the measured N (e.g., four)
first intensity signals and the N (e.g., four) second intensity
signals of each set of sample 1ntensity signals corresponding
to a number of optical element models M. Based on the
calculation or comparison result, the controller 35 deter-
mines that the size of the gap between two substrates of the
tested optical element 4 1s the same as that of one of the
optical element models M (such as the optical clement
model M with the gap size of 37 value um as shown in FIG.
8) when the sum of the mtensity difference between the N
first intensity signals and the N second intensity signals
corresponding to the optical element model M 1s the mini-
mum (with respect to the other optical element models M).
Consequently, the size of the gap between two substrates of
the tested optical element 4 1s determined.

In some embodiments, after the gap size of one of the
tested optical element 4 in the water W 1s determined, the
holder 322 may also be moved by a driving mechanism (not
shown) 1n a second direction D2 (FIG. 3) perpendicular to
the first direction D1 so that another tested optical element
4 1n the water W 1s moved to the tested position where the
light beam from the light source 31 will pass through.
Afterwards, the above operations of the optical test method
40 are repeated for determining 1ts gap size. In some
embodiments, the sensor 33 of the optical test system 30 1s
also configured to measure the intensity of the diffracted
light beams from a number of or all the tested optical
clements 4 in the water W at one time.

The embodiments of the present disclosure have some
advantageous features: The size of the gap between two
substrates of an optical element (e.g., a diffractive optical
clement or another type of optical element) can be accu-
rately determined by the optical test system using the optical
test method as described above, without using an electrical
test method which needs to provide electrical components
(e.g., conductive layers and pads) in the optical element for
the electrical test implemented by an electrical testing appa-
ratus. Accordingly, the number of operations in the process
of forming the optical element, as well as the cost of the
clectrical testing apparatus, may be reduced.

In some embodiments, an optical test method 1s provided.
The optical test method includes emitting light through a gap
between two substrates of a tested optical element disposed
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on the holder to generate a plurality of light beams. The
optical test method further includes driving the holder with
the tested optical element to move to N positions. The
optical test method also includes receiving one of the light
beams from the tested optical element 1 the N positions to
generate N first intensity signals. In addition, the optical test
method 1ncludes determining the size of the gap of the tested
optical element according to the N {first intensity signals and
reference data.

In some embodiments, an optical test method 1s provided.
The optical test method includes collecting multiple sets of
sample 1ntensity signals corresponding to a plurality of
optical element models as reference data. The optical ele-
ment models respectively have a gap between two substrates
of each of the optical element models, and the sizes of the
gaps of the optical element models are different. Each set of
sample intensity signals comprises N second intensity sig-
nals corresponding to one of the optical element models in
N positions. The optical test method further includes mea-
suring N first intensity signals corresponding to a tested
optical element 1n the N positions. In addition, the optical
test method includes determining the size of a gap between
two substrates of the tested optical element according to the
N first intensity signals and the reference data.

In some embodiments, an optical test system 1s provided.
The optical test system includes a holder, a light source, a
driving mechanism, a sensor, and a controller. The holder 1s
configured to hold an optical element. The light source is
configured to emit light through the optical element to
generate a plurality of light beams. The driving mechanism
1s configured to drive the holder with the optical element to
move N positions. The sensor 1s configured to receive one of
the light beams from the optical element 1n the N positions
to generate N first intensity signals. The controller 1s con-
figured to determine the size of a gap between two substrates
of the optical element according to the N {first intensity
signals and reference data.

Although embodiments of the present disclosure and their
advantages have been described in detail, 1t should be
understood that various changes, substitutions and altera-
tions can be made herein without departing from the spirit
and scope of the disclosure as defined by the appended
claims. For example, 1t will be readily understood by those
skilled 1n the art that many of the features, functions,
processes, and materials described herein may be varied
while remaining within the scope of the present disclosure.
Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition ol matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present disclosure, processes,
machines, manufacture, compositions of matter, means,
methods, or steps, presently existing or later to be devel-
oped, that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps. In addition, each claim constitutes a
separate embodiment, and the combination of various claims
and embodiments are within the scope of the disclosure.

What 1s claimed 1s:

1. An optical test method, comprising:

emitting light through an optical element disposed on and

moved 1n a first direction by a holder to generate a
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plurality of light beams corresponding to N positions of

the optical element, the first direction being parallel to
the direction of light propagation, wheremm N i1s a
natural number greater than 2;

receiving the plurality of light beams from the optical
clement by a sensor to generate N first intensity signals;
and

determining a structure configuration of the optical ele-

ment according to the N first intensity signals and
reference data with a controller.

2. The optical test method as claimed in claim 1, wherein
the controller includes a memory device storing the refer-
ence data comprising multiple sets of sample intensity
signals which correspond to a plurality of optical element
models, wherein the plurality of optical element models
cach have similar or the same structure configuration as the
optical element, and each set of sample intensity signals
comprises N second intensity signals corresponding to one
of the optical element models 1 the N positions.

3. The optical test method as claimed in claim 2, wherein
before the operation of emitting light through the optical
clement and the operation of receiving the plurality of light
beams from the optical element by the sensor, the optical test
method further comprises collecting the reference data by
the sensor.

4. The optical test method as claimed 1n claim 2, wherein
the operation of determining the structure configuration of
the optical element further comprises:

calculating intensity differences between the N {irst inten-

sity signals and the N second intensity signals of each
set of sample 1intensity signals; and

determining that the structure configuration of the optical

clement 1s the same as that of one of the optical element
models when a sum of the intensity differences between
the N first intensity signals and the N second intensity
signals corresponding to the one of the optical element
models 1s the mimimum.

5. The optical test method as claimed in claim 1, wherein
N 1s greater than or equal to 3.

6. The optical test method as claimed 1n claim 1, wherein
the holder with the optical element 1s driven to move by at
least one driving motor.

7. The optical test method as claimed 1n claim 1, wherein
the optical element 1s a diffractive optical element.

8. The optical test method as claimed 1n claim 7, wherein
the recerved light beam for generating the first intensity
signal 1s a positive or negative diflracted light beam from the
diffractive optical element.

9. The optical test method as claimed 1n claim 7, wherein
the difiractive optical element comprises a first substrate and
a second substrate stacked on each other, at least one
diffractive grating structure 1s formed on at least one of
opposing surfaces of the first and second substrates, and a
gap 1s formed between the opposing surfaces of the first and
second substrates, wherein the structure configuration of the
optical element to be determined 1s the gap.

10. The optical test method as claimed 1n claim 1, wherein
the holder 1s movable between the N positions in the first
direction that 1s perpendicular to a light receiving surface of
the sensor.

11. An optical test system, comprising:

a holder configured to hold and move an optical element

in a {irst direction to N positions, wherein N 1s a natural
number greater than 2;
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a light source configured to emit light through the optical
clement to generate a light beam, wherein the direction
of light propagation 1s parallel to the first direction;

a sensor configured to receive a plurality of light beams
from the optical element in the N positions to generate
N first intensity signals; and

a controller configured to determine a structure configu-
ration of the optical element according to the N first
intensity signals and reference data.

12. The optical test system as claimed in claim 11,
wherein the reference data comprises multiple sets of sample
intensity signals corresponding to a plurality of optical
clement models, wherein the plurality of optical element
models each have similar or the same structure configuration
as the optical element, and each set of sample intensity
signals comprises N second intensity signals corresponding,
to one of the optical element models 1n the N positions.

13. The optical test system as claimed in claim 11,
wherein the controller further comprises a memory device
configured to store the reference data.

14. The optical test system as claimed 1n claim 11, further
comprising a driving mechanism configured to drive the
holder with the optical element to the N position, and the
driving mechanism comprises at least one driving motor.

15. The optical test system as claimed in claim 14, further
comprising a holding stage comprising the holder and a
base, wherein the holder 1s movably disposed on the base,
and the driving mechamism 1s configured to drive the holder
to move relative to the base 1n the first direction perpen-
dicular to a light receiving surface of the sensor.

16. The optical test system as claimed in claim 11,
wherein the light emitted from the light source 1s infrared
light.

17. The optical test system as claimed in claim 11,
wherein the optical element 1s a diflractive optical element.

18. The optical test system as claimed 1n claim 17,
wherein the light beam received by the sensor for generating
the first intensity signal 1s a positive or negative diffracted
light beam from the diffractive optical element.

19. The optical test system as claimed in claim 11,
wherein distances between two adjacent positions of the N
positions are the same.

20. An optical test system, comprising:

a holder configured to hold and move one of an optical
clement and a plurality of optical element models 1n a
first direction to N positions, wherein N 1s a natural
number greater than 2, and the plurality of optical
clement models each have similar or the same structure
configuration as the optical element;

a sensor configured to receive a plurality of light beams
from the optical element 1n the N positions to generate
N first mtensity signals, and configured to receive a
plurality of light beams from one of the plurality of
optical element models 1n the N positions to generate N
second intensity signals, wherein the first direction 1s
perpendicular to a light receiving surface of the sensor;
and

a controller configured to determine a structure configu-
ration of the optical element according to the N first
intensity signals and the N second intensity signals
corresponding to one of the optical element models.
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